Abstract. This paper presents an adaptive architecture that allows centralized control of public lighting and intelligent management, in order to economise on lighting and maintain maximum comfort status of the illuminated areas. To carry out this management, architecture merges various techniques of artificial intelligence (AI) and statistics such as artificial neural networks (ANN), multiagent systems (MAS), EM algorithm, methods based on ANOVA and a Service Oriented Aproach (SOA). It performs optimization both energy consumption and economically from a modular architecture and fully adaptable to the current lighting systems possible. The architecture has been tested and validated successfully and continues its development today.
Introduction
Nowadays, the concept of Smart Cities is increasingly a common trend in technological projects. The balance with the environment and natural resources is a practical and responsible key for these paradigms, which aim to achieve a state of comfort for citizens and institutions based on sustainable development. In this respect, talk about energy efficiency is paramount, not only to reduce energy costs, but also to promote environmental and economic sustainability. One of the main costs faced by councils in towns and cities is the lighting bill. According IDEA [1] , throughout the 2010 in Spain there were about 4,800,000 points of light with an average power of 180 W and 4,200 hours of annual use. Representing an electricity consumption of 3,630 GWh / year, this is excessive consumption. The technological advances that are experiencing external lighting installations along with its intelligent use will allow reducing that as high consumption.
This research appears from a greater project by the research group of BISITE (Bioinformatics, Intelligent Systems and Technology Education) of the University of Salamanca, which is to build a system that allows centralized control street lighting as well as an intelligent management, in order to economize on illumination and maintain maximum comfort status of the illuminated areas. This is to avoid excessive illumination of areas, as there are many times that it is not necessary to maintain maximum light intensity for an optimal service. E. García et al.
To validate the system in an experimental research level, a small test case is available, consisting of a portable installation of 5 luminaires with specific hardware. The functionality to be achieved is divided into two modules.
One module shall be responsible for the direct management of the various installations and control panels and will serve as a communication layer with each site, so as to allow as much control and monitoring in almost real-time of each facility and even luminaire. In this sense, the system must provide a service interface that can be accessed for each installation using a standardized interface independent of the underlying technology and hardware of each installation.
The other module, explained in this article, will have as its main objective the management of the lighting schedule for each installation, consumption management, and prediction. In this regard, a light planning is defined as light output level for each installation offered hourly. This light planning must be possible by programming user preferences, or by observing different decisive environment factors in determining the appropriate level of brightness for each site at each time. Thus, different factors come into play: astronomical clock, weather and traffic and pedestrian flow. Moreover, it will be interesting to make a prediction of consumption by the light patterns assigned to each zone, depending on its economic rate.
To carry out this management, the built system combines different statistics and artificial intelligence (AI) techniques such as artificial neural networks (ANN), multiagent systems (MAS), EM algorithm, methods based on ANOVA and a Service Oriented Approach (SOA) [5] .
The article is structured as follows: Section 2 shows a state of the art concerning projects and research conducted in the field of Smart cities and light control, showing the most commonly used techniques in this field and carry out a comparison between them and the system presented. Section 3 shows the presented system, its operation and details of the techniques used. Section 4 describes the case study developed for system validation and finally, Section 5 some results and conclusions of this work.
Background
The concept of smart cities, smart environments, or smart homes [2] itself is still emerging in our society. Make a "smart" city is one of the objectives currently most often heard at the research as a strategy to mitigate the problems caused by the rapid growth of the urban population. Problems such as lack of resources, pollution, traffic congestion and deteriorating infrastructure are some of the many problems that increasingly large urban populations face [3] . One of the many definitions of Smart Cities is: "The use of smart computing technologies to make city services more intelligent, interconnected and efficient -which includes administration, education, health care, public safety, real estate, transportation and utilities."[4] . It seems clear that the purpose of these is sustainable economic development, based on new technologies (ICT) to provide better quality of life and prudent management of natural resources through the engagement of all citizens.
